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ABSTRACT

Quinoa (Chenopodium quinoaWild) is a pseudo-cereal
that belongs to the Amaranthaceae family. The seed is
considered the main source of protein for vegetarians
and in developing countries. However, the seed coat is
rich in bitter-tasting saponins, which should be
removed before consumption. The washing and
germination processes are the traditional methods
performed to reduce or eliminate saponin. However,
little is known about the effects of these methods on
chemical composition. Therefore, this work was
carried out to monitor the chemical composition and
phytochemicals contents of two types of quinoa seeds
namely white or sweet quinoa (SQS) and chipaya or
bitter quinoa seeds (BQS), which are planted in Egypt.
The results revealed that the washing process for 20
min by water in two phases, 10 min each, is an effective
method to depress saponin concentration up to 45.36%
in SQS and 61.75% in BQS, unlike the germination
process. Both the two processes increase the protein,
crude fiber, and ash content with decrements of ether
extract and carbohydrates. Therefore, gained energy is
reduced from 408.87 to 377.98 kcal/100g for SQS and
from 402.26 to 391.31 kcal/100g for BQS because of
the germination process. Consequently, the nutritional
value of the seeds increased and became more healthy
food and extra acceptable to the consumer.
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1. INTRODUCTION

uinoa (Chenopodium quinoa Wild) is

a pseudo-cereal belonging to

Amaranthaceae family (Valencia-

Chamorro, 2003). Although the
origin of the plant is the Andean region,
South America, its agriculture has been
spread over the world due to its ability to
withstand stress (Bilalis et al., 2019).
Turkey, Pakistan, Egypt, China, and India
are interesting countries to produce the seeds
due to their high nutritional value. The seed
has higher protein content and essential
amino acids than those traditionally
consumed as cereals (Filho et al., 2017;
Dakhili et al., 2020). Moreover, it is tasty,
good, easy to digest, rich in dietary fiber,
poly-carbohydrates, vitamins, minerals, high
in unsaturated fatty acids and gluten-free
(Filho et al., 2017). Secondary metabolites,
such as polyphenols, flavonoids, stilbenes,
tannins, and phenolic compounds which
they are found in abundance in the seeds
(Fischer et al., 2017). These compounds
have great health benefits, as they protect
against cardiovascular and digestive system
diseases and they are considered as
anticancer. (Vilcacundo and Hernandez-
Ledesma, 2017). In addition, they have
antioxidant  activity  (Repo-Carrasco-
Valencia, 2020). On the other hand, the seed
coat is rich in bitter-tasting saponins, which
should be removed (Filho et al., 2017).
Consequently, researchers whose interested
in nutrition have been paid for their effort to
rid saponins. Saponins, from a chemical
point of view, are a non-volatile secondary
metabolite distributed mainly in plants
(Netala et al., 2015) which are found in
external layers of the grains, fruits and
flowers and are easy to remove by washing
with water (Prado et al.,, 1996). Until
recently, saponins have been highly toxic,
nevertheless, those present in foodstuffs are
non-toxic and it has been suggested that they
may be even beneficial in the human diet
(Vilche et al., 2003). They are antifungal
(Stuardo and San Martin, 2008),

antimicrobial, raise immunity (Netala et al.,
2015) and anti-inflammatory (Yao et al.,
2014).

There are different methods used to remove
saponins from quinoa seeds. These methods
are limited to two types of techniques.
1-The dry technique, which includes heat
treatment, extrusion, roasting, mechanical
corrosion and genetic methods.

2-The wet technique (washing with water)
which widely used at the level of
laboratories and industry. Both of these
techniques are affecting the chemical
composition and physical properties of
quinoa seeds (El Hazzam et al., 2020).
Germination of grains and seeds is a new
way to produce acceptable tasty vegetarian
foods and people who suffer from a lack of
animal protein (Pifiuel et al., 2019). It raises
the nutrition value by removing certain anti-
nutritional substances and formation of
antioxidants (Televic¢iaté et al., 2020),
making quinoa a more effective food
(Mariod and Salama, 2020). By analogous,
type of processing can affect the bioactive
compounds and antioxidant capacity of
quinoa (Chan et al., 2009), either consumed
as cooked rice, soups, yogurt and salads or
flour (Vega-Galvez et al., 2010). However,
little is known about the effects of different
types of usual processing on the nutritional
value of quinoa seeds.

Therefore, this work was designed to study
the effect of the germination and washing
process on the physical, chemical, and
nutritional value of two different varieties of
Egyptian quinoa seeds.

2. MATERIALS AND METHODS

2.1 Materials

White quinoa (Chenopodium quinoaWilld)
seeds (SQS) were supplied from Agriculture
Research  Centre, Toukh, Qalyubia
Governorate and Chipaya quinoa seeds
(BQS) were purchased from Desert
Research Center, Cairo Governorate, Egypt
during the 2018 season. The seeds were
cleaned and then stored at -18°C in a deep
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freezer for further analysis. Foline-

Ciocalteau reagent (2, 6 dichloro phenol

indophenol) was purchased from Sigma-

Aldrich Co. Petroleum ether (60-80°C),

ethanol and methanol (99.9%), sulphoric

Egypt. All other chemicals used in the

analysis were analytical grades.

2.2 Methods

2.2.1 Chemical analysis

Gross chemical composition

Moisture (method no 934.01), ether extract

(method no 935.38), crude protein Nx6.25

(method no 950.36), ash using muffle at 450-

550°C (method no 930.22) and crude fibers

(method no 950.37) were determined as

described in AOAC (2000). While total

carbohydrates (TC%) and nitrogen-free

extract (NFE%) as dry weight bases were

calculated according to Aurand (2013)

following the equations:

TC% = 100 — [protein% + ether extract% +
ash%]

NFE% = TC% - crude fiber%

2.2.2 Determination of phytochemicals

Quinoa seeds extract was prepared
according to Anagnostopoulou et al. (2006)
using 80% aqueous methanolic solution
(v/v). Total saponin was estimated following
the method of Hiai et al. (1975) using 8.0%
vanillin in methanolic solution and 72%
sulphoric. While total phenolic compounds
were determined using Folin-Ciocalteu
reagent (FCR) as described by Kahkonen et
al. (1999). Flavonoids were colorimetrically
determined at 430 nm according to
Djeridane et al. (2006). Alkaloids were
estimated according to Clarke (1970).

2.2.3 Reduction of saponin content
Different treatments were carried out on the
quinoa seeds in order to reduce saponin
content.

2.2.4 Washing treatment

Quinoa seeds were soaked into tap water at
ratio 1:3 (w/v) for different periods (10, 20
and 30 min) with occasionally steering using

acid  (97-99%), ammonium hydroxide
solution (33%) and anhydrous sodium
carbonate (Na2CO3) were obtained from El-
Nasr Pharmaceutical Chemicals Co., Cairo,

magnetic stirrer (JENWAY, model 1000,
designed and manufactured in the EU by
Barloworld Scientific Ltd, Dunmow, Essex
CM6 3LB) at room temperature. The soaked
seeds were then washed with distilled water
and dried in an electric air oven at 50°C until
completely dry.

2.2.5 Germination process

Cleaned seeds were sterilized by soaking
into 0.1% (w/v) sodium hypochlorite
solution for 30 min at room temperature,
picked up and rinsed with distilled water to
remove the trace of sodium hypochlorite
(Pifiuel et al., 2019). Then the seeds were
germinated by soaking them in distilled
water at room temperature for 3-6 hrs
(Pasko et al., 2009), where imbibed seeds
were set into cleaned sterilized glass jars and
covered with cheesecloth. The jars were
placed in darkness for five days at room
temperature and subjected to sunlight for
four hrs. The green sprouts were harvested
and spread onto filter paper for drying at
room temperature.

2.2.6 Preparation of quinoa flour

Quinoa flours were prepared from raw,
washed seeds and their dried sprouts by
grinding them into Moulienx grinder (model
FP7131 4A, France). Flours were sieved to
pass through a 0.45mm sieve (60mesh) and
stored in polyethylene bags at -18°C in a
deep freezer for further analysis.

3- RESULTS AND DISCUSSION

3.1 Chemical composition of raw quinoa
seeds

The gross chemical composition of raw SQS
is 19.89, 6.31, 2.92, 70.88, 68.13 and 2.75%
for crude protein (CP), ether extract (EE),
ash, total carbohydrates (TC), nitrogen-free
extract (NFE) and crude fibers (CF),
respectively. While the corresponding
values for raw BQS are 14.99, 5.58, 3.34,
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76.09, 73.02 and 3.07%, respectively (Table
1). Raw SQS contains significantly higher
(p<0.05) CP and EE compared with those
found in BQS. Contrary, ash, TC, NFE and
CF are significantly lower (p<0.05). These
differences could be due to the interactions
of several factors, such as agriculture
treatments, cultivars, and environmental
conditions (Abdel-Al et al., 2020). These
results agree with Vidueiros et al. (2015),
who found that the CP and EE of 21quinoa
varieties ranged from 14.5 up to 18.2% and
4.7 up to 7.1%, respectively. In this respect,
Valencia-Chamorro (2003) found CP
content in quinoa seed varies from 8 to 22%,
which is higher than that the average of CP
in most common cereals such as rice, wheat,
and barley.

3.2 Effect of different treatments on chemical
composition (d.w.%)

3.2.1 Washing process

The CP content of raw quinoa seeds in both
cultivars increased significantly (p<0.05)
from 19.89% to 21.37% for SQS and from
14.99% to 17.75% in BQS as a result of
washing them with tap water at room
temperature for 20 min. In the opposite
significant (p<0.05) decrease in ash, EE, CF,
NFE and TC are noticed. These decrements
may be related to the ability to dissolve part
of the soluble compounds in the washing
water (Kajihausa et al., 2014). These results
are in complete agreement with those of
Gomaa et al. (2019), who found that CP
increased, but ash, EE, CF, NFE and TC of
quinoa seeds were decreased after they were
washed with tap water.

3.2.2 Germination process

The germination process led to significant
(p<0.05) increases in CP, CF and ash
contents of quinoa seeds. However, EE, NFE
and TC contents are significantly (p<0.05)
decreased (Table 1). The increment of CP is
mainly due to the synthesis of enzymes,
nucleic acids, and other nitrogenous
mg/100g (0.07%) while QS16 accession
recorded the highest content of 220 mg/100g
(0.22%). The saponin content of quinoa

components in the germinated sprouts due to
the germination process and degradation of
protein to simple peptides by enzyme
hydrolysis of the insoluble protein to soluble
protein, which increased the protein
availability during the germination process
(EI-Adawy, 2002). While the decrements in
EE, TC and NFE could be attributed to the
use of these substances as a source of energy
for the growth of the embryo (Ferreira et
al., 2009). The increase in ash content may
be related to endogenous enzyme hydrolysis
of complex organic compounds to release
more nutrients leaving the ant nutrients to
leach into the germination medium
(Chikwendu, 2003). While the increments
of fiber due to germination might be that the
micro flora enzymes hydrolyzed complex
carbohydrates to release fiber which
subsequently decreased carbohydrates.

Reduction techniques to reduce saponin
content

Saponins have a bitter taste and anti-
nutritional factor which could be reduced the
consumption of seeds. So, several treatments
have been reported in order to wash off
seeds’ saponins, including wet and dry
methods.

Reduction of saponin by wet technique
(washing with tap water)

As shown in Table 2, the saponin content of
BQS is 504.56 mg/100g (0.51%) higher than
that of SQS (178.21 mg/100g (0.17%).
These results are lower than those reported
by Mhada et al. (2020) who found that the
saponin content of two varieties of quinoa
seeds was 1.41 and 2.03% which were
comparable with 2.56% as reported by
Gomaa et al. (2019). However, the results
are higher than 184 to 425 mg/100g of three
varieties of quinoa seeds (Farajzadeh et al.,
2020). In this respect, Shams (2018) pointed
out that the lowest saponin content in nine
Egyptian quinoa genotypes was 70

seeds is related to the genotype and the
physiological status of the plant (Yao et al.,
2014), where the bitter flavor is correlated
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with the developmental phase of the crop. It
Is low throughout branching and boosts
throughout flowering (Bhargava et al.,
has the opposite effect (Pulvento et al.,
2012). Though, the upsurge of saponins of
the seed has been described in irrigated part
as opposite to a cold climate (Miranda et
al., 2013). Quinoa can be classified
according to its saponin concentrations as
either "sweet™" (saponin free or having less
than 0.11% saponins on a fresh weight basis)
or "bitter" (containing more than 0.11%
saponins) (Koziol, 1991).

Referring to Table 2, the saponin content in
SQS significant decreases (p<0.05) from
178.21 mg/100g to 156.10 mg/100g with a
decrease of 11.75% as a result of 10 min
washing (T1), which continuous decreases
reach to 112.97 mg/100g with 36.13%
reduction by extending wash time 30 min.
Washing the seeds in more than one phase,
each 10 min, with renewed soaking water
was more efficient, as the reduction ratio of
saponins increased to 45.36% and 49.40% in
T3 and T5, respectively. The percentage of
saponins reduction in seeds washed for 30
min over three phases (T5) was the most
significantly superior (p< 0.05) for saponins
reduction of SQS. The same trend was
observed in BQS, with a higher reduction
than SQS, as saponin decreased from 504.56
mg/100g in raw seeds to 420.79 mg/100g in
washed ones for 10 min with a reduction
ratio of up to 16.57%. It is interesting to note
that washing the seed for 20 min in two
phases (T3) was not significantly (p< 0.05)
different from washing the seeds for 30 min
at one phase (T4). The reduction in saponin
by the washing process is probably due to
the water solubility of some saponin
compounds (Gonzalez et al., 2020). These
results are in accordance with those reported
in the literature, as the saponins content of
quinoa seeds was decreased due to the
washing process (Nickel et al., 2016;
Gomaa et al., 2019; Abdel-Al et al., 2020).
El-Sebeay and Hafez (2018) reported
saponin in quinoa seeds was depressed at
46.36% due to the washing process for

2006). Drought led to a decrease in saponin
by 45% (Gbémez-Caravaca et al., 2011),
whereas salinity

45min. Although the best technique to
reduce saponin is wet and conventional
methods as in T5, T3 was preferred as it is
economical in terms of short time and
consumption in water that is difficult to
reuse. However, the wet method is criticized
as consuming more time than the dry
method, as the seeds need drying and some
seeds begin to germinate. Also, the dry
method, such as mechanical dehulling by
abrasion, is effective, cheaper, and faster
than the wet method (Mujica and Jacobsen,
1999). Nevertheless, it has been criticized
for not extracting a significant (p< 0.05)
portion of the saponins compared to the wet
method and the seeds may also lose some
nutrients (Wright et al., 2002).

Effect of germination on saponins content
The germination process leads to a
significant increase (p<0.05) in the saponins
content compared to the raw one, as its
concentration jumped to 359.36mg/100g
(0.36%) in SQS and 552.47mg/100g
(0.55%) in BQS. Huang et al. (2017)
monitored that, the amounts of saponins
during the first six hours in germination
decreased rapidly and then stabilized within
6-42 hrs, it started again and gradually
increased after 42 hrs of germination until it
reached its peak concentration on the fourth
day 7.80mg/g (780mg/100g). After that, it
decreased slowly with the increase in the
duration of germination.

Effect of different treatments on total
phenolics (TP %) and flavonoids (TF%)
1- Washing process:

The total phenolics (TP) in the aqueous
extract of raw SQS and BQS are 146.80 and
160.78 mg GAE/100g, respectively (Table
3). Where they are significantly higher
(p<0.05) than that of alcoholic extract (89.54
and 99.53 mg GAE/100g). This result agrees
with Ozer et al. (2016). The contrary of TF
content where alcoholic extracts for SQS
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and BQS are 17.53 and 19.18 mg RE/100g
which are significantly (p<0.05) higher than
those of aqueous extracts, whether these
seeds were raw, washed or sprouted. These
results are in agreement with (Gorinstein et
al., 2007; Alvarez-Jubete et al., 2010;
Carciochi et al., 2014; Nickel et al., 2016;
and Farajzadeh et al., 2020), whose results
ranged from 17.58 to 97.60mg GAE/100g.
However, the results are lower than those
reported by Choque-Quispe et al., (2021)
who stated that the TP content in quinoa seed
was between 159.69 and 198.23 mg
GAE/100g. Also, Saad-Allah and Youssef
(2018) pointed out total phenolics content of
five genotypes of quinoa seeds introduced to
Egypt was ranged from 0.66 to 2.02 mg/g
(66 to 202 mg/100g). The difference
between these values can be partially
explained by different solvents and
extraction methods. In addition, it is
important to note that the amounts of TP in
the seeds is strongly influenced by genotype
(variety/cultivar),  soil,  environmental
conditions, maturity level at harvest and
post-harvest storage conditions (Nsimba et
al., 2008; Huang et al., 2017), since the
colored varieties have a higher TP (Tang et
al., 2015; Han et al., 2019). The TP in the
aqueous and alcoholic extracts of raw quinoa
seeds, whether SQS or BQS, decreased
significantly (p<0.05) as a result of the
washing process. In contrast, the total
amount of phenolics in the case of
germinated SQS or BQS increased
significantly (p<0.05) in both the agqueous
and alcoholic extract compared to the raw
seeds (Table 3).

The TF in the methanolic extract of the raw
SQS and BQS are 17.53 and 19.18mg/100g,
respectively. While the TF in the aqueous
extract is 8.55 for SQS and 8.79 mg/100g for
BQS. These results are in accordance with
the results of Carciochi et al. (2014), who
respectively. The TF in the aqueous extract
of SQS is increased significantly (p<0.05)
because of the washing and germination
germination. As for BQS, TF is gradually
increased in both aqueous and alcoholic

found that TF was 11.06 mg/100g and
comparable with Farajzadeh et al. (2020).
However, it is lower than 38.6 mg
catechin/100g (Gorinstein et al., 2007). The
low TF in the aqueous extract may be related
to the faint solubility of flavonoids in water
(Antolovich et al., 2000).

The TF of both SQS and BQS is
significantly (p<0.05) increased due to the
washing or germination process. Whereas
TF in methanolic extracts of washed SQS
and BQS are 15.95 and 19.78 mg/100g,
respectively. The corresponding values for
water extracts are 13.81 and 11.59mg/100g.
These values augment to reach 35.61
mg/100g in SQS, 42.78 mg/100g in BQS for
methanolic extracts, and 19.85 mg/100g in
SQS, 12.82 mg/100g BQS for water extracts
after germination. Carciochi et al. (2014)
pointed out that the TF of raw quinoa seeds
was increased reaching 17.65mg/100g, 72
hrs after germination.

2- Germination process:

The significant (p<0.05) highest
concentration of TP in both methanolic
extract of SQS and BQS's sprouts is 829.95
and 708.68 mg GAE/100g, followed by its
concentrations in the water extracts (244.67
and 303.64 mg GAE/100g). These results
are in full agreement with Alvarez-Jubete et
al. (2010) who stated that TP in germinated
seeds for 82 hrs is 147 mg GAE/100g and
Choque-Quispe et al. (2021), who reported
that the germination process of three
varieties of quinoa seeds for 48 hrs raised the
TP content in the range between 308.82 and
417.75 mg GAE/100g. However, the
differences in the TP concentrations could
be related to the variation in the germination
period. In this respect, Carciochi et al.
(2014) found the TP and TF of quinoa seeds
germinated for 72 hrs were 79.04 and 17.65
mg/100g,

process. While TF is reduced in the alcoholic
extract due to the washing process and may
be increased in

extracts because of the washing and
germination process.
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The increment of TP during the germination
process could be explained by the fact that
seeds suffer biotic and a biotic stress during
germination, which induces oxygen reactive
species (ROS). These compounds are vital to
protecting the seeds during germination and
for the biochemical and physiological
functions of the sprouts, releasing aglycones
due to enzymatic activity, which translates
into an increase in phenols (Sani et al.,
2012).

Effect of washing and germination
process on alkaloids contents

Alkaloids are an effective plant substance
used as an anti-cancer, anti-malarial and
analgesic. Also, it is used in the treatment of
Parkinson's disease, hypertension, and
disorders of the central nervous system as
well as it shows remarkable physiological

effects when administered to animals
(Rathbone and Bruce 2002). Alkaloids
content in raw BQS is 5.81 mg/g, which is
significantly (p<0.05) higher than that of
SQS 5.41 mg/g. A significant (p<0.05)
decrement in its concentration is observed
because of the germination process
(4.83mg/g) and washing with water at two
phases (4.89 mg/g). The corresponding
values for SQS are 4.10 mg/g for the
germination process and 4.22 mg/g for
washing (Table 4). These results are close to
the data of Saad-Allah and Youssef (2018),
who reported that alkaloids content in
quinoa seeds’ kvl-sra2 genotype was 4.18
mg/g and 4.85 mg/g in Q37 genotype (wet
weight basis). It is worthy to note that the
author has not found current data exist in the
literature regarding the concentration of
alkaloids in quinoa seeds.

Table 1: Effect of washing* and germination** process on the chemical composition of

quinoa seeds (%)

'gyPe of Sweet quinoa seed(SQS) Bitter quinoa seed (BQS)
uinoa
Components Raw Washing*  Germination** Raw Washing*  Germination**
Crude protein ~ 19.89+0.18°  21.37+0.08¢ 24.14+0.07¢ 14.9940.18%  17.75+0.19° 20.30£0.09¢
Ether extract 6.31+0.10¢ 5.75%0.04¢ 2.99+0.042 5.58+0.05° 4.47+0.08P 4.51+0.01°
Ash 2.92+0.01° 2.40%0.022 3.43+0.03% 3.34+0.06° 3.02+0.05° 3.47+0.02¢
Total 70.88+0.08°  70.48+0.02° 69.44+0.002 76.09+0.11F  74.76+0.07° 71.72+0.09¢
carbohydrates
NFE 68.13+0.10°  67.99+0.03° 63.62+0.092 73.02+0.11¢  72.24+0.08¢ 67.37+0.10°
Crude fiber 2.75+0.04° 2.49+0.032 5.82+0.08¢ 3.07£0.01° 2.52+0.002 4.35+0.05¢
TO%LE;;”QV 408.87+0.62¢ 409.21+0.13'  377.98+0.48% 402.26+0.25¢ 400.23:0.21° 391.31+0.06"

Washing* = seeds were soaked for 20 min in water at two phases of 10 min each, with continuous stirring and

renewed the water in each phase.

Germination** = Sterilized seeds were germinated in the dark for 5 days at room temperature then subjected to

sunlight for 4 hrs.

Values are means + standard error (M+SE) of three successfully trails.

Means having the same superscript letters are not significantly different at (p>0.05)

Table 2: Effect of washing and germination process on saponin content (mg/100g) of the two
types of quinoa seeds

Treatments

SQS

Reduction (%)

BQS

Reduction (%)
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Raw seeds 178.21+1.54A - 504.56+0.601 B -
T1 156.10+0.63%A 11.75+0.352 420.79+0.5%8 16.57+0.102
T2 134.91+2.66% 23.73+1.50P 215.92+5.32°8 57.19+1.05°
T3 96.63+2.08°A 45.36+1.17¢ 189.24+2.02B 61.75+0.51°
T4 112.97+0.41¢A 36.13+0.23° 191.97+3.70%8 61.94+0.73°
T5 89.49+0.282A 49,40+0.15° 181.91+0.4528 63.93+0.08¢
Germination* 359.36+1.0994 - 552.47+5.61¢8 -

T 1 = Seeds were soaked for 10 min in water with continuous stirring,

T 2 = Seeds were soaked for 20 min in water with continuous stirring,

T 3 = Seeds were soaked for 20 min in water at two phases of 10 min each, with continuous stirring and renewed
the water in each phase,

T 4 = Seeds were soaked for 30 min in water with continuous stirring,

T 5 = Seeds were soaked for 30 min in water at three phases of 10 min each, with continuous stirring, and renewed
the water in each phase.

Germination* = Sterilized seeds were germinated in the dark for 5 days at room temperature and then subjected to
sunlight for 4 hrs.

Values are means + standard error (M£SE) of three successfully trails

In a column, means having the same small superscript letters are not significantly different at (p>0.05)

Table 3: Effect of washing* and germination** process on total phenolic compounds (TP) and
total flavonoids (TF)(mg/100 g)of the two types of quinoa seeds

Type of Raw Washing* Germination**

Components seeds
Methanol Water Methanol Water Methanol Water

SQS 89.54+0.52" 146.80+1.64¢ 80.32+0.132 152.47+0.51¢9 708.68+0.17" 244.67+2.09¢

Phenolic:
10S BQS 99.53+0.88" 160.78+0.58¢ 93.67+0.322 111.42+0.46° 829.95+0.53" 303.64+2.20¢

SQS 17.53+0.01¢  8.55+0.052 15.95+010°  13.81+0.17° 35.61+0.35"  19.85+0.13¢

Flavoniods

BQS 19.18+0.18¢  8.79+0.04*  19.78+0.12° 11.59+0.12°  42,78+0.19"  12.82+0.15°

Washing* = seeds were soaked for 20 min in water at two phases of 10 min each, with continuous stirring and
renewed the water in each phase. Germination** = Sterilized seeds were germinated in the dark for 5 days at room
temperature then subjected to sunlight for 4 hrs. Values are means + standard error (M£SE) of three successfully
trails. In a row, means having the same superscript letters are not significant different at (p>0.05)

Table 4: Effect of washing and germination process on alkaloid content (mg/g) of the two types
of quinoa seeds

Treatment SQS Reduction (%) BQS Reduction (%)
Raw 5.41+0.02° 5.81+0.08°
Washing* 4.22+0.03° 22.0 4.89+0.01° 15.84
Germination** 4.10+0.042 24.22 4.83+0.05% 16.87

Washing* = seeds were soaked for 20 min in water at two phases of 10 min each, with continuous stirring and
renewed the water in each phase, Germination** = Sterilized seeds were germinated in the dark for 5 days at room
temperature then subjected to sunlight for 4 hrs. Values are means + standard error (MSE) of three successfully
trails. In a column, means having the same superscript letters are not significantly different at

(p>0.05)

4. REFERENCES

Abdel-Al, M.H.; Abdel-Salam, F.F. and ingredient of functional foods and its
Shalaby, E.E. (2020). Quinoa crop as an utilization in bread making. Middle East

JSAES, October 2022
22



Food Sciences

Journal of Applied Sciences, 10:146-157.

Alvarez-Jubete, L.; Wijngaard, H.; Arendt,
E. and Gallagher, E. (2010). Polyphenol
composition and in vitro antioxidant
activity of amaranth, quinoa, buckwheat
and wheat as affected by sprouting and
baking. Food Chemistry, 119 (2):770-
778.

Anagnostopoulou, A. M.; Kefalas, P.;
Papageorgiou, V. P.; Andreana, N
Assimopoulou, A.N. and Boskou, D.
(2006). Radical scavenging activity of
various extracts and fractions of sweet
orange peel (Citrus sinensis). Food
Chemistry, 94:19-25.

Antolovich, M.; Prenzler, P.; Robards, K.
and Ryan, D. (2000). Sample preparation
in the determination of phenolic
compounds in  fruits. Analyst,
125(5):989-1009.

AOAC Association of Official Analytical
Chemists (2000). Official method of
analysis. 17" (Ed). ArlingtonVirginia,
USA.

Aurand, L.W. (2013). Food Composition
and Analysis. Springer Science and
Business Media.

Bhargava,A.; Shukla, S. and Ohri, D. (2006).
Chenopodium quinoa-an Indian
perspective. Industrial crops and
products, 23:73-87.

Bilalis, D.; Roussis, I.; Kakabouki, I. and
Folina, A. (2019). Quinoa (Chenopodium
quinoa Willd.) crop under Mediterranean
conditions: a review. International
Journal of Agriculture and Natural
Resources, 46: 51-68.

Carciochi, R.A.; Manrique, G.D. and
Dimitrov, K. (2014) Changes in phenolic
composition and antioxidant activity
during germination of quinoa seeds
(Chenopodium quinoa willd.).
International Food Research Journal,
21:767-773.

Chan, E.W.C.; Lim, Y.Y.; Wong, S.K.; Lim,
K.K.; Tan, S.P.; Lianto, F.S. and Yong,
M.Y. (2009). Effects of different drying
methods on the antioxidant properties of
leaves and tea of ginger species. Food

Chemistry, 113:166-172.

Chikwendu, N.J. (2003). The effects of
germination on the chemical composition
and microbial quality of ground bean
(Kerstingiella geocarpa) flours. Nigerian
Journal of Nutritional Sciences, 24:17-22.

Choque-Quispe, D.; Ligarda-Samanez,
C.A.; Ramos-Pacheco, B.S.; Leguia-
Damiano, S.; Calla-Florez, M.; Zamalloa-
Puma, L.M. and Colque-Condefia, L.
(2021). Phenolic compounds, antioxidant
capacity, and protein content of three
varieties of  germinated  quinoa
(Chenopodium
quinoaWilld).Ingenieriaelnvestigacion,
41(2):89831-89837.

Clarke, E.G.C. (1970). The Forensic
Chemistry of Alkaloids. Academic press,
New York, US, 6:514-590.

Dakhili, S.; Abdolalizadeh, L.; Hosseini,
S.M.;  Shojaee-Aliabadi. S. and
Mirmoghtadaie, L. (2020). Quinoa
protein: Composition, structure and
functional properties. Food Chemistry,
310: 125318. https://doi.org/10.1016/j.
foodchem.2019.125318.

Djeridane, A.; Yousfi, M.; Nadjemi, B.;
Boutassouna, D.; Stocker, P. and Vidal,
N. (2006). Antioxidant activity of some
Algerian  medicinal plants extracts
containing phenolic compounds. Food
Chemistry, 97:654-660.

El Hazzam K; Hafsa, J.; Sobeh, M.; Mhada
M.; Taourirte, M.; EL Kacimi, K. and
Yasri, A. (2020). An insight into saponins
from quinoa (Chenopodium quinoa
Willd): A review. Molecules, 25:1059-
1080.

El-Adawy, T. A. (2002). Nutritional
composition and antinutritional factors of
chickpeas  (Cicer  arietinum L))
undergoing different cooking methods
and germination. Plant Foods for Human
Nutrition, 57:83-97.

El-Sebeay, A.S. and Hafez, L.M. (2018).
Chemical and biological evaluation of
some products from quinoa-based blends
for celiac disease. Alexandria Journal of
Food Science and Technology, 15(1):23-

JSAES, October 2022

24


https://doi.org/10.1016/j.%20foodchem.2019.125318
https://doi.org/10.1016/j.%20foodchem.2019.125318

Food Sciences

34.

Farajzadeh Z.; Shakerian, A.; Rahimi, E. and

antioxidant, total phenolic and flavonoid
components and antimicrobial effects of
different species of quinoa seeds.
Egyptian Journal of Veterinary Sciences,
51(1):43-54.

Ferreira, C.D.S.; Piedade, M.T.F.; Tiné,
M.A.S.; Rossatto, D.R.; Parolin, P. and
Buckeridge, M.S. (2009). The role of
carbohydrates in seed germination and
seedling establishment of Himatanthuss
ucuuba, an Amazonian tree with
populations adapted to flooded and non-
flooded conditions. Annals of Botany,
104:1111-1119.

Filho, A.M.M.; Pirozi, R.M.; Borges,
J.T.D.S.; Pinheiro- Sant ’Ana, M.H.;
Chaves, J.B.P. and Coimbra, J.S.D.R.
(2017). Quinoa: Nutritional, functional,
and antinutritional aspects. Critical
Reviews in Food Science Nutrition,
57:1618-1630.

Fischer, S.; Wilckens, R.; Jara, J.; Aranda,
M.; Valdivia, W.; Bustamante, L.; Grafa,
F. and Obala, I. (2017). Protein and
antioxidant composition of quinoa
(Chenopodium quinoa Willd.) sprout
from seeds submitted to water stress,
salinity and light condition. Industrial
Crops and Products, 107:558-564.

Gomaa, A.R.; lbrahim, S.T. and
Mohammed, A.T. (2019). Effect of pre-
treatment techniques on the quality
characteristics of quinoa flour. Journal of
Food Sciences; Suez Canal University,
6(1):75-86.

Gbmez-Caravaca, A.M.; Segura-Carretero,
A.; Fernandez-Gutiérrez, A. and Caboni,
M.F. (2011). Simultaneous determination
of phenolic compounds and saponins in
quinoa (Chenopodium quinoa Willd) by a
liguid  chromatography—diode array
detection—electrospray ionization—time-
of-flight mass spectrometry
methodology. Journal of Agricultural and
Food Chemistry, 59:10815-10825.

Gonzélez, J.A.; Lizarraga, E.F.; Erazzq,
L.E.; Martinez-Calsina, L.; Buedo, S.E.

Bagheri, M. (2020). Chemical,

and Gonzélez, D.A. (2020). Goat manure
fertilization effect on saponin and protein
content in quinoa (Chenopodium quinoa
Willd) grain of different origin. Middle
East Journal of Agriculture Research,
9:434 - 443.

Gorinstein, S.; Vargas, 0.J.M.; Jaramillo,
N.O.; Salas, LA.; Ayala, A.LM,
Arancibia-Avila, P.; Toledo, F.; Katrich,
E. and Trakhtenberg, S. (2007). The total
polyphenols and the antioxidant
potentials of some selected cereals and
pseudo cereals. European Food Research
and Technology, 225:321-328.

Han, Y.; Chi, J.; Zhang, M.; Zhang, R.; Fan,
S.; Huang, F.; Xue, K. and Liu, L. (2019).
Characterization of saponins and
phenolic compounds: antioxidant activity
and inhibitory effects on glucosidase in
different varieties of colored quinoa
(Chenopodium quinoa Willd).
Bioscience, Biotechnology, and
Biochemistry, 83:2128-2139.

Hiai, H.; Hamana, H. and Odakea, Y.
(1975). A color reaction of panaxadiol
with vanillin and sulfuric acid. Planta
Medica, 28:131-138.

Huang, J.; Qin, L.; Shi, Q. and Wen, A.
(2017). Effect of quinoa saponins
extraction and sprouting on saponins
content. Journal of the Chinese Cereals
and Oils Association, 32:34-39.

Kahkonen, M.P.; Hopia, A.l.; Vuorela, H.J.;
Rauha, J.P.; Pihlaja, K.; Kujala, T.S. and
Heinonen, M. (1999). Antioxidant
activity of plant extracts containing
phenolic  compounds. Journal  of
Agriculture  and Food Chemistry,
47:3954-3962.

Kajihausa, O. E.; Fasasi, R. A. and Atolagbe,
Y. M. (2014). Effect of different soaking
time and boiling on the proximate
composition and functional properties of
sprouted sesame seed flour. Nigerian
Food Journal, 32(2):8-15.

Koziol, M. J. (1991). Afrosimetric
estimation of threshold saponin

JSAES, October 2022

24


https://www.researchgate.net/journal/Journal-of-the-Chinese-Cereals-and-Oils-Association-1003-0174
https://www.researchgate.net/journal/Journal-of-the-Chinese-Cereals-and-Oils-Association-1003-0174

Food Sciences

concentration for bitterness in quinoa
(Chenopodium quinoa Willd). Journal of
the Science of Food and Agriculture,
54(2):211-219.

Mariod, A.A. and Salama, S.M. (2020). The
efficacy of processing strategies on the
gastro  protective  potentiality  of
Chenopodium  quinoa seeds. The
Scientific World Journal, Article, 16
pages.https://doi.org/10.1155/2020/6326
452.

Mhada, M.; Metougui, M.L.; El Hazzam, K;
El Kacimi, K. and Yasri, A. (2020).
Variations of saponins, minerals and total
phenolic compounds due to processing
and cooking of quinoa (Chenopodium
quinoa Willd) seeds. Foods, 9:660-675.

Miranda, M.; Vega-Gélvez, A.; Martinez,
E.A.; Ldpez, J.; Marin, R.; Aranda, M.
and Fuentes, F. (2013). Influence of
contrasting environments on  seed
composition of two quinoa genotypes:
nutritional and functional properties.
Journal of Agricultural Research, 73:108-
116.

Mujica, A. and Jacobsen, S.E. (1999).
Tecnologia de postcosecha de granos
andinos: Quinoa (Chenopodium quinoa
Willd.). Proc. | Curso taller sobre
Produccion comercia lizaciony Uso de la
Quinoa para Agricultura de la Zona de
Iquique, Chile. CONADI, Puno, Peru, pp.
5-8.

Netala, V.R.; Ghosh, S.B.; Bobbu, P.;
Anitha, D. and Tartte, V. (2015).
Triterpenoid saponins: a review on
biosynthesis, applications and
mechanism of their action. International
Journal of Pharmacy and Pharmaceutical
Sciences, 7(1):24-28.

Nickel, J.; Spanier, L.P.; Botelho, F.T.;
Gularte, M.A. and Helbig, E. (2016).
Effect of different types of processing on
the total phenolic compound content,
antioxidant capacity, and saponin content
of Chenopodium quinoa Willd grains.
Food Chemistry, 209:139-143.

Proceedings, 53:1-5.

Saad-Allah, K.M. and Youssef, M.S. (2018).

Nsimba, R.Y.; Kikuzaki, H. and Konishi, Y.
(2008). Antioxidant activity of various
extracts and fractions of Chenopodium
quinoa and Amaranthus spp. seeds. Food
Chemistry, 106:760-766.

Ozer, M.S.; Sarikurkcu, C. and Tepe, B.
(2016). Phenolic composition,
antioxidant and enzyme inhibitory
activities of ethanol and water extracts of
Chenopodium botrys. RSC advances,
6:64986-64992.

Pasko, P.; Barton, H.; Zagrodzki, P.;
Gorinstein, S.; Fotta, M. and Zachwieja,
Z. (2009).  Anthocyanins,  total
polyphenols and antioxidant activity in
amaranth and quinoa seeds and sprouts
during their growth. Food Chemistry,
115:994-998.

Pifiuel, L.; Boeri, P.; Zubillaga, F.; Barrio,
D.A.; Torreta, J.; Cruz, A.; Vasquez, G.;
Pinto, A. and Carrillo, W. (2019).
Production of white, red and black quinoa
(Chenopodium quinoa Willd Var. Real)
protein isolates and its hydrolysates in
germinated and non-germinated quinoa
samples and antioxidant activity
evaluation. Plants, 8:257-274.

Prado, F.E.; Gallardo, M. and Gonzélez, J.A.
(1996). Presence of saponin-bodies in
pericarp cells of Chenopodium quinoa
Willd  (quinoa),  Biocell-Mendoza,
20:259-264.

Pulvento, C.; Riccardi, M.; Lavini, A;
lafelice, G.; Marconi, E. and d’Andria, R.
(2012). Yield and quality characteristics
of quinoa grown in open field under
different saline and non-saline irrigation
regimes. Journal of Agronomy and Crop
Science, 198: 254-263.

Rathbone, D.A. and Bruce, N.C. (2002).
Microbial transformation of alkaloids.
Current Opinion in Microbiology, 5: 274-
281.

Repo-Carrasco-Valencia, R. (2020).
Nutritional Value and Bioactive
Compounds in Andean Ancient Grains.

Phytochemical and
characterization  of  five

genetic
quinoa

JSAES, October 2022

26


https://doi.org/10.1155/2020/6326452
https://doi.org/10.1155/2020/6326452

Food Sciences

(Chenopodium quinoa Willd) genotypes
introduced to Egypt. Physiology and
Molecular Biology of Plants, 24:617-629.

Sani, 1.M.; Igbal, S.; Chan, K.W. and Ismail,
M. (2012). Effect of acid and base
catalyzed hydrolysis on the yield of
phenolics and antioxidant activity of
extracts from germinated brown rice
(GBR). Molecules, 17:7584-7594.

Shams, S. A. (2018). Preliminary Evaluation
of New Quinoa Genotypes under Sandy
Soil Conditions in Egypt. Agricultural
Sciences, 9:1444-1456.

Tang, Y.; Li, X.; Zhang, B.; Chen, P.X; Liu,
R. and Tsao, R. (2015). Characterisation
of phenolics, betanins and antioxidant
activities in seeds of three Chenopodium
quinoa Willd genotypes. Food Chemistry,
166:380-388.

Televi¢iate, D.; Tarasevi¢iene, Z.:
Danil¢enko, H.; Barcauskaité,
K.;Kandaraité, M. and Paulauskiené, A.
(2020). Changes in chemical composition
of germinated leguminous under a biotic
stress conditions. Food Science and
Technology, 40:415-421.

Valencia-Chamorro, S. A. (2003). Quinoa
In: Caballero B. Encyclopedia of Food
Science and Nutrition, Academic Press,
Amsterdam, 8:4895-4902.

Vega-Galvez, A.; Miranda, M.; Vergara, J.;
Uribe, E.; Puente, L. and Martinez, E. A.
(2010). Nutrition facts and functional
potential of quinoa (Chenopodium quinoa
Willd), an ancient Andean grain: A
review. Journal of the Science of Food
and Agriculture, 90:2541-2547.

Vidueiros, S. M.; Curti, R. N.; Dyner, L. M.;
Binaghi, M. J.; Peterson, G.; Bertero,
H.D. and Pallaro, A. N. (2015). Diversity
and interrelationships in nutritional traits
in cultivated quinoa (Chenopodium
quinoa Willd) from Northwest Argentina.
Journal of Cereal Science, 62:87-93.

Vilcacundo, R. and Hernandez-Ledesma, B.
(2017). Nutritional and biological value
of quinoa (Chenopodium quinoa Willd).
Current Opinion in Food Science, 14:1-6.

Vilche, C.; Gely, M. and Santalla, E. (2003).

Physical properties of quinoa seeds.
Biosystems Engineering, 86(1):59-65.
Wright, K. H.; Pike, O. A.; Fairbanks, D. J.
and Huber, C. S. (2002). Composition of
atriplex hortensis, sweet and bitter
Chenopodium quinoa Seeds. Journal of

Food Science, 67(4): 1383-1385.

Yao, Y.; Yang, X.; Shi, Z. and Ren, G.
(2014). Anti-inflammatory activity of
saponins from quinoa (Chenopodium
quinoa Willd) seeds in
lipopolysaccharide-stimulated RAW
264.7 macrophages cells. Journal of Food
Science, 79:1018-1023.

25

JSAES, October 2022



